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Abstract 
In this work we propose to fabricate nano-scale square lattice features using the principle of four wavefront interference 
employing a pyramidal prism. A UV laser of 266nm wavelength was used to pattern features on thinned positive tone resist AZ 
7220 using single exposure technique. It was demonstrated that features with sub 500nm pitch size could be recorded using a 
pyramidal prism with edge angle of 30.4°.   Holes with diameter around 187nm in square symmetry with pitch of 414nm were 
fabricated. The proposed setup is relatively simple, requiring minimum number of components.  
Keywords: Pyramidal prism; DUV Lithography. 
1. Introduction 
Improvement of integrated circuit performance in microelectronics is made possible by an increase in 
transistor integration density which coincidently follows the exponential increase pattern predicted by Gordon 
Moore[1]. It’s a known fact that this density improvement and size reduction starts at patterning or lithography 
stage.  Even though it is not the only technically challenging process which should be improved upon on regularly 
basis, advances in lithography provides a gateway to IC performance improvement and cost reduction.   A standard 
lithographic system requires an exposure tool, high resolution masks, resists etc and it involves transfer of patterns 
from masks to resist over a series of steps.  Exposure system used for mass manufacturing in industry mainly uses 
visible, Ultra Violet (UV) or Deep UV (DUV) light. Industry has been relying on mask based optical lithography for 
a long time now since its inception in the 1960’s.  But in applications such as photonic crystals which require 
periodic features, mask less optical interference lithography could be employed which removes the need of complex 
exposure tools and masks based system. Moreover nanoscale feature fabrication using masks requires the fabrication 
of such high resolution masks using other expensive writing techniques. And with the advent of bio-
nanotechnology, cost effective fabrication of periodic nanoscale features has found another significant area of 
application. Interference lithography could be employed to fabricate such periodic patterns without the need of 
expensive masks. Various configurations have been successfully studied for this purpose in recent years [2-6]. But 
most of them have issues like complex experimental setup, smaller writing area, beam instability owing to larger 
beam path etc.  In this context, this work focuses on developing a zero path interferometer which can be used to 
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pattern a relatively large area without any scanning approaches.  Prism based technique is used for achieving this 
objective with a deep ultra violet laser as the light source to fabricate such large area high resolution features. 
2. Theory 
 
A pyramidal prism based interferometer is an extension of biprism based interferometer, in which a plane 
wave incident on the pyramidal prism facet is refracted towards the central axis by the four facets of the prism and 
interference occurs in the region of superposition. This is effectively four beam interference and resultant periodic 
pattern can be recorded using a photoresist substrate.  The  pitch size of the pattern produced(  using a prism 
based interferometer is given by [7], 
 
 
 
Where,  is the prism angle and is the refractive index of the prism material.  As evident from Eq.(2), fringe 
width depends on the wavelength of the light, prism angle and refractive index of the prism material. Pitch size of 
periodic patterns produced by pyramidal prism as shown in Fig.1 could also be characterized by the same equation 
as it’s an extension of biprism interferometry. 
 
 
Fig. 1 Pyramidal prism depicating the prism angle ‘Į’.
 
Two dimensional intensity distribution formed by combining four coherent plane waves converging at two 
orthogonal planes, where two plane waves are incident at on one plane and the other pair at  on an 
orthogonal plane is given by the following Eq.(2).  Here intensity distribution for both transverse electric (TE) and 
transverse magnetic(TM) are given separately. 
 
 
 
 
Where, is the amplitude of each wave,  is the magnitude of propagation vector given by , 
and  is the half angle of intersection between the two plane waves [8, 9].  Here the phase term has been set to 
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zero.  Major difference between the two polarization cases is the achievable contrast.  In case of TE polarized light, 
contrast of interference pattern  is unity because electric fields of the two plane waves always overlap regardless 
of angle between them.  For TM case however, the contrast depends on the angle between the waves and is given 
by .  Pitch remains same in both cases. 
Pyramidal prism based single exposure interferometry mirrors the scenario mentioned above were four 
faces refract the incoming beam resulting in interference of the four wavefronts. Here the interfering beams will be 
of identical polarization state which would be similar to that of input beam. And the intensity distribution can be 
obtained by modifying the Eq. (2) to incorporate biprism angle ( ) and refractive index such as, 
 
 
 
 
The intensity distribution obtained by four beams, normalized to  = 1 and with zero phase difference is 
plotted in Fig.2. Half angle of intersection was chosen to be 18.53°, corresponding to the value obtained when 
collimated beam with pyramidal prism of 30.4° is employed. Higher contrast between maximum and minimum 
intensities of interference patterns is obtained when TE-polarized light is employed rather than TM-polarized 
light[10].  Unpolarized light, which produces an average of the TE and TM images, produces a contrast that is also 
average between 1 and  i.e.,   ሾͳͳሿ
 
                                   (a)                                                                           (b) 
Fig. 2 2D color map of the intensity distribution for four-beam interference pattern:(a) TE polarized beams and (b) TM polarized 
beams. Here the relative phase and the prism angle are kept as zero and 30.4°, respectively. Higher contrast is obtained in TE 
configuration which is evident from the fact that value of maximum intensity obtained using TE beams(1.99) is higher than that 
using TM beams(1.8). 
 The pitch is directly proportional to operating wavelength.  And reduction of pitch size could be achieved 
by decreasing wavelength. In this work a 266nm laser source along with pyramidal prism made of fused silica with 
an angle of 30.4° are employed to fabricate sub- 500nm features. Fused silica material has a refractive index of 1.49 
Sidharthan R and V M Murukeshan / Physics Procedia 19 (2011) 416–421 419
at 266nm. According to Eq.(1), theoretically achievable fringe pitch with 30.4° prism and a 266nm collimated light 
beam is 418.3nm.  
                                    
 
 
 
3. Experimental methodology 
 
The experimental setup is schematically illustrated in Fig.3.  An expanded and collimated laser beam of   
wavelength 266nm was directed on to a custom fabricated pyramidal prism made of fused silica. Resist sample was 
mounted on to a stage which is placed in the region of interference to record the interference pattern.  Positive tone 
photo resist(PR), AZ7220 (AZ Electronics Material) was employed to record the interference patterns.  Thinning 
process was performed by mixing the resist with EBR solvent (PGMEA) in the ratio 1:1, after which it was spin 
coated at a speed of 1500rpm on a cleaned silicon wafer. After the exposure, patterns were developed using 
AZ300MIF developer. Pyramidal prism as shown in Fig.1 was employed to fabricate square lattice patterns using 
single exposure technique. Results obtained are discussed in the following section. 
 
Fig. 3 Experimental scheme 
4. Results and discussion 
 
Fig.2 shows the 2D periodic intensity distribution obtained by combining four coherent plane waves where, 
three major intensity regions namely high (H), medium (M) and low (L) are identified.  With a positive tone resist 
and after optimization of process parameters such as exposure dose and developing time, holes in H region and 
pillars in L regions are expected to be fabricated.  Prior to obtaining these distinct features, M region comes into 
play and forms interconnection between holes and pillars, which could be removed by increasing the exposure dose. 
Holes in photoresist with diameter around 187nm in a square lattice with pitch around 414 nm were obtained using a 
pyramidal prism with prism angle of 30.4°.  The AFM and SEM images of the fabricated features are shown in Fig. 
4 and Fig. 5. Observed pitch sizes from AFM and SEM analysis are 414 and 424 nm respectively which are quite 
close to predicted value of 418.3nm based to Eq.(1). The slight difference could be attributed to measurement error 
in either AFM or SEM. Further reduction in pitch could be achieved by employing prism of higher refractive index. 
But it is not feasible as most of the commonly available glass material has very low or negligible transparency at 
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266nm.  Another option is to employ larger angle prism.  This way, features with sub 350nm pitch can be fabricated 
but at the expense of interference area.   
 
Fig. 4 AFM images of holes in square lattice fabricated using a pyramidal prism using single exposure technique. (a) 2D top 
view, (b) 3D side view and (c) sectional analysis showing the feature pitch size (414nm). 
 
 
Fig. 5 SEM image (top view) of holes in AZ 7220 PR fabricated using pyramidal prism lithographic technique. Pitch size of 
424nm and hole diameter of 187nm was observed. 
5. Conclusion 
 
In this work a deep-UV light source was employed in a pyramidal prism interferometric configuration to record 
periodic patterns with sub 500nm pitch size.  A 30.4° prism made of fused silica material was employed to fabricate 
2D periodic features in square lattice with hole size around 187nm and pitch size of around 414nm, which is in close 
proximity to the theoretically predicted value of 418.3nm. Features were produced using single exposure technique.  
The proposed lithographic configuration could be used to fabricate features with higher resolution by employing a 
prism with higher angle or refractive index or by using a lower wavelength exposure source.  
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